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An oil-base drilling fluid capable of being held at temperatures in excess of 400 ^'F while maintaining its yield point com- 
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THERMAIiLY STABU; OII>BASE DPI^^.T.twg FUJID 



BACKGROUND OF THE INVENTION 



The present invention relates to oil-base drilling 
fluids and systems and processes for drilling a borehole in 
5 a subterranean formation. 

Oil-base drilling muds and techniques for drilling 
boreholes in subterranean formations to recover hydrocarbons 
(e*g., oil and gas) are well Icnown to those skilled in the 
art. 

0 While tripping a drillstring, running logs, 

performing fishing operations, or conducting other procedtires 
during a drilling operation, the drilling fluid or mud in the 
borehole remains stagnant and its temperature can reach, and 
remain at, the bottomhole temperature for several days. 



15 SUMMARY OF THE 



According to one aspect of the invention, there is 
provided an oil-base drilling fluid conqprising oil, a 
smrfactant, a fluid loss control agent, and a viscosifier, 
characterized in that the fluid loss contirol agent is selected 
20 from the group consisting of polystyrene, polybutadiene , 
polyethylene, polypropylene, polybutylene, polyisoprene , 
natural rubber, butyl rubber, polymers consisting of at least 
two monomers selected from the group consisting of styrene, 
butadiene, isoprene, and vinyl carboxylic acid, and mixtures 
25 thereof and the viscosifier is a sulfonated elastomer polymer. 

According to another aspect of the invention, there 
is provided an oil-base drilling fluid weighing about 7Z5 to 
about 20 pounds per gallon and comprising: (a) about 25 to 
about 85 volume percent oil based on the total volume of the 
30 fluid; (b) about 1 to about 20 povmds per barrel (ppb) 
surfactant; (c) up to about 45 volume percent water based on 
the total volume of the fluid; (d) up to about 600 ppb 
weighting agent; (e) about 0.5 to about 30 ppb organophilic 
clay; (f) up to about 30 ppb auxiliary fluid loss control 
35 agent; (g) about 3 to about 12 ppb polymeric fluid loss 
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control agent selected from the group consisting of 
polystyrene, polybutadiene, polyethylene, polypropylene, 
polybutylene, polyisoprene, natural rubber, butyl rubber, 
polymers consisting of at least two noncmers selected from the 
5 group consisting of styrene, butadiene, isoprene, and vinyl 
carboxylic acid, and mixtures thereof; (h) about 0.02 to about 
2 weight percent sulfonated elastomer polymeric viscosifier; 
(i) up to about 60 ppb shale inhibiting salt; and (j) up to 

about 30 ppb lime. 

According to a further aspect of the invention, 

there is provided a drilling system comprising: (a) at least 

one subterranean formation; (b) a borehole penetrating a 

portion of at least one of the subterranean formations; (c) a 

drill bit suspended in the borehole; and (d) a drilling fluid 

located in the borehole and proximate the drill bit, wherein 

the drilling fluid is the oil-base drilling fluid, as 

described above. 

According to a still further aspect of the 
invention, there is provided a method for drilling a borehole 
in a subterranean formation, the method C0n«)rising the steps 
of: (a) rotating a drill bit at the bottom of the borehole 
and (b) introducing a drilling fluid into the borehole (i) to 
pick 1^ drill cuttings and (ii) to carry at least a portion 
of the drilling cuttings out of the borehole, wherein the 
drilling fluid is the oU-base drilling fluid, as described 
above. 

drganpphilic clays used in oil-base drilling fluids 
have been observed to degrade when the drilling fluid is 
naintained at bottomhole temperatures exceeding 400' F. This 
degradation lowers the yield point of the drilling fluid- 
rendering the driUing fluid incapable of suspending solids 
and resulting in e35»ensive drilling problems such as weighting 
agent sagging, mud density variations, solids settling, stucX 
drillpipe, poor hole cleaning, excessive fluid loss to the 

35 formation, and poor cement jobs. 

The present invention provides an oil-base drilling 
fluid capable of being held at tenqperatures in excess of 400' 
F while maintaining its yield point. The oil-base fluid 
comprises (i) oU, (ii) a surfactant, (iii) an organophilic 
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clay^ (iv) a polymeric fluid loss control agent selected from 
the group consisting of polystyrene, polybutadiene, 
polyethylene , polypropylene , polybutylene , poly isoprene, 
natural rubber, butyl rubber, polymers consisting of at least 
5 two monomers selected from the group consisting of styrene, 
butadiene, isoprene, and vinyl carboxylic acid, and mixtures 
thereof, and (v) a sulfonated elastomer polymeric viscosif ier. 

In addition, a drilling system and a method for 
drilling a borehole are also provided by the invention. The 

10 drilling system comprises (a) at least one subterranean 
formation, (b) a borehole penetrating a portion of at least 
one of the subterranean formations, (c) a drill bit suspended 
in the borehole, and (d) the above drilling fluid located in 
the borehole and proximate the drill bit. 

^ Regarding the method for drilling a borehole of the 

present invention, this method comprises the steps of (a) 
rotating a drill bit at the bottom of the borehole and (b) 
introducing the aforesaid drilling fluid into the borehole (i) 
to picJc up drill cuttings and (ii) to carry at least a portion 

20 of the drill cuttings out of the borehole. 

DESCRIPTION OF THE DRAWl^ WGfi 

The improved heat aged performance characteristics 
and other features, aspects, and advantages of the present 
invention will become better understood with reference to the 
25 following description, appended claims, and accompanying 
drawings where: 

Figure 1 is a graph depicting the plastic viscosity 
as a function of aging time at about 400* F of three 
commercially available drilling fluids alleged by their 
30 suppliers to possess good thermal stability. 

Figure 2 is a graph depicting the yield point as a 
function of aging time at about 400* P of the three 
commercially available drilling fluids shown in Figure 1. 

Figure 3 is a graph depicting the high temperature- 
35 high pressure fluid (HTHP) loss as a function of aging time 
at about 400* F of the three commercially available drilling 
fluids shown in Figure 1. 
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Figure 4 is a graph depicting the top oil separation 
as a function of aging time at about 400" P of the three 
commercially available drilling fluids shown in Figure 1. 

Figure 5 is a graph depicting the plastic viscosity 
5 as a function of aging time at about 400* F of an exeaplary 
drilling fluid of the present invention emd another two 
commercialiy available driUing fluids alleged by their 
si^liers to possess better thermal stability than the 

drilling fluids depicted in Figures 1-4. ' 

10 Figure 6 is a graph deleting the yield point as a 

function of aging time at about 400* P of the exemplary 
drilling fluid of the present invention ariA the other two 
commercdLally available drilling fluids shown in Figure S. 

Figure 7 is a graph depicting the HTHP loss as a 
15 function of aging time at about 400* F of the exemplary 
drilling fluid of the present inventimi and the other two 
coBimercially available drilling fluids shown in Figure 5. 

Figure 8 is a graph depicting the top oil separation 
as a function of aging time at about 400' F of the exenqplary 
20 drilling flaiii of the present invention and the other two 
commercially available drilling fluids shown in Figure 5. 

DgPMCI^ DFggRTgPION OP THE IMVEMTION 

Without being bound by the theory of its operation, 
it is believed that taie oil-based drilling fluid of the 

25 present invention maintains it yield - point upon aging at 
tea^eratures greater taian about 400' F by, among other things, 
the unique combination of three ingredients, namely, a 
thermally stable organophilic clay, a polymeric fluid loss 
control agent, and a sulfonated elastomeric polpieric 

30 viscosifier. EaceaBplary thermally stable organophilic clays 
include, but are not necesssorily limited to, hectorite and 
bentonite, with hectorite being the more preferred. The 
organophilic clays can be esqployed either individually or in 
combination. 

35 Illustrative polymeric fluid loss control agents 

include, but are not limited to, polystyrene, polybutadiene, 
polyethylene, polypropylene, polybut^lene , polyisoprene. 
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natural rubber, butyl rubber, polymers consisting of at least 
two monomers selected from the group consisting of styrene, 
butadiene, isoprene, and vinyl carboxylic acid. Individual 
or mixtures of polymeric fluid loss control agents can be used 
5 in the oil base drilling fluid of this invention. Exemplary 
polymeric fluid loss control agents are described in SPE 13560 
(1985) , this article being incorporated herein in its entirety 
by reference. 

The preferred polymeric fluid loss control agents 
10 are styrene-butadiene copolymers. Characteristics of 
exemplary styrene-butadiene copolymers are listed in the 
following Table I: 



Union Oil Company of California 
IS ; Product wtim^T* 



Chayapteyi^tic 76Rgg4176 76RES4105 76RES41Q6 76RES4470 

Styrene/* 

Butadiene Ratio 50/50 57/43 90/10 67/33 

Surfactant Type Anionic Anionic Anionic Anionic 

20 Tg, -C -22 -11 76 12 

PH 9.0 6.0 6.5 9.0 

All the styrene/butadiene copolymers described in 
above Table I also contain about 1 to about 3 weight percent 

copolymerized carboxylic acid (e.g., itaconic acid and acrylic 
25 acid) • 

The sulfonated elastomer polymeric viscosif ier is 
preferably a neutralized sulfonated elastomer polymer having 
about 5 to about 100 milliequivalents of sulfonate groups per 
100 grams of sulfonated polymer. More preferably, the 
30 neutralized sulfonated elastomer polymer has about 5 to about 
50 milliequivalents, and most preferably about 5 to about 30 
milliequivalents, of sulfonate groups per 100 grams of 
sulfonated polymer. 

Preferably, the sulfonated elastomer polymeric 
35 viscosif ier is derived from an elastomer polymer selected from 
the group consisting of ethylene-propylene-diene monomer 
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(BPDH) terpolyners, copolyBers of isoprene and styrene 
sulfonate salt, copolymers of chloroprene and styrene 
sulfonate salt, copolymers of isoprene and butadiene, 
copolymers of styrene and styrene sulfonate salt, copolymers 
5 of butadiene and styrene sulfonate salt, copolymers of 
butadiene and styrene, terpolymers of isoprene, styrene, and 
styrene sulfonate salt, terpolymers of butadiene, styrene, and 
styrene sulfonate salt, butyl rubber, partially hydrogenated 
polyisoprenes, partially hydrogenated polj^tylene, partially 

10 hydrogenated natural rubber, parUally hydrogenated buna 
rubber, partially hydrogenated polybutadienes, and Neoprene. 
Methods for obtaining and characteristics of sulfonated 
elastomer polymers are known to those skilled in the art. 
see, for example, U.S. Patent 4,447,338, U.S. Patent 

15 4,425,462, U.S. Patent 4,153,588, U.S. Patent 4,007,149, U.S. 
Patent 3,912,683, and U.K. Patent i^lication 2,212,192, these 
documents being incorporated in their entirety by reference. 

•Cypically, the oil-base drUling fluid of the 
- contains the ingredients and properties set 



20 



forth in the following Table II: 
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TABLE II 

More 

Jnqy^44,ent Typical Typical 

Oil, volume %• 25-85 50-60 

5 Surfactant (active) , 

pounds per barrel (ppb)'»'« i-20 i-io 

Water, volume %* up to 45 10-20 

Weighting agent, ppb up to 600 150-400 

Organophilic clay, ppb 0.5-30 i-io 
10 Auxiliary fluid loss control 

agent, ppb up to 30 2-15 

Polymeric fluid loss control 

agent, ppb^ 3*12 5-10 

Sulfonated elastoaier polymeric 
15 viscosifier, ppb'* 0.02-2 0.05-1.5 

Shale inhibiting* salt, ppb up to 60 20-30 

Lime, ppb* up to 30 l-io 

Property 

Density, ppg* 7.5-20 9-I6 

20 a. Volume percent is based on the total volume of the 

drilling fluid, 
b. As used in the specification and claims, the term 
"surfactant" means a substance that, when present 
at low concentration in a system, has the property 
25 of adsorbing onto the surfaces or interfaces of the 

system and of altering to a marked degree the 
surface or interfacial free energies of those 
surfaces (or interfaces) . As used in the foregoing 
definition of surfactant, the term "interface" 
^0 indicates a boundary between any two immiscible 

phases and the term "surface" denotes an interface 
where one phase is a gas, usually air. Exemplary 
ingredients referred to as surfactants by those 
skilled in the airt include emulsifiers and oil 
35 wetting agents. 

c. The polymeric fluid loss control agent is 
preferably present in the drilling fluid in a 
concentration of about 6 to about 9 ppb. 
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d. 



e. 



The sulfonated elastomer polyaeric viscosif xer is 
preferably present in the drUling fluid in a 
concentration of about 0.1 to about 1 BPb. 
AS used in the specification and claiins, the term 
"line- iDeans quicklime (CaO) , quicklime precursors, 
and hydrated quicklime (e.g., slaked lame 



(Ca(0H)2)). 
f . ppg denotes pounds per gallon, 
g! oaie parts per barrel (ppb) is base. 
cai«position of the drilling fluid. 



The volumetric ratio of oil to water in the drilling 
fluid Of the present invention ranges from about 100:0 to 

"^^^ ''''Lferably, the weight ratio of the polymeric fluid 
X5 loss control agent to the sulfonated elastomer pol^xc 
viscosif ier is ^t 1.5:1 to about 50:1, /^^^^^ 
^ 3:l to about 20:l, and most preferably about 5:1 to 

about 10:1* _ _ ^^^^^ 

oils, Birfwtant., i»i(*tli.9 tX"^. 

^ soitable for use in tl» preset mention. '^'^ 



Lgh1:ing 

exemplary oixs^ r - ^ ^ . --jk aa^? 

^Ibed inir.S. patent 4,447,338 and U.S. 
«.ese patents having previously be«x incorporated herexn m 

25 their entireties by reference. 

Typical shale inhibiting salts are alkali metal and 
aetal salts. Calcium dhloride and sodium 




chloride are the preferred shale inhibiting salts. 

AS used in the specification and claims, the term 

_ . ^««^4#^iAe /oUier 



particles 

">atiacxJLxary xauj.« *wb»-» ^ _x 

^ the pol^lc «uld loss «»trol "^^^^^1^ 
tavlBg a else only sli**ly s-aal«: tl»n that of thepore 

„penl»,s in the for«tlon. «» au^liary fluid 

^^is us«l to fon. a fUter «*. oh the sarfa» of . 

Zu^^ to reduce the loss of drlllln, fluid 

to the for«>tion. Bxepplary au^iary fluxd loss 

cortrol a^ include, hut are not ^^^.^J^'^^^ 

^^>,an-«»nefi lionite, and gxlsonxte. Tne 
a^haltenes, asphaltenes, xxgnxu , 
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softening point of the auxiliary fluid loss control agent is 
as high as possible, preferably at least about 300" F, and 
more preferably at least about 350* Due to its high 

softening point, gilsonite is the most preferred auxiliary 
fluid loss control agent. Commercially available gilsonite 
has a softening point within the range of about 290' to about 
400* F. 

The drilling fluid is preferably prepared by mixing 
the constituent ingredients in the following order: (a) oil, 
(b) organophilic clay, (c) surfactant, (d) lime, (e) an 
aqueous solution comprising water and the shale inhibiting 
salt, (f) auxiliary fluid loss control agent, (g) weighting 
agent, (h) polymeric fluid loss control agent, and (i) 
sulfonated elastomer polymeric viscosifier* 

The preferred plastic viscosity, yield point, high 
temperature-high pressure (HTHP) fluid loss, and top oil 
separation ranges for the drilling mud of the present 
invention are set forth in the following Table III. 



TABLE ITT 



20 



Plastic Viscosity, cp 
Yield Point, Ib/lOOsqft 
HTHP Fluid Loss, ml 
Top Oil separation, lal 



Preferred Range 
about 25 to about 48 
about 10 to about 32 
about 1 to about 23 
less than about 25 



25 



EXAMPLES 



30 



35 



The following examples (which are intended to 
illustrate and not limit the invention, the invention being 
defined by the claims) compare various properties of an 
exemplary drilling fluid within the scope of the present 
invention (Example 1) with commercially available drilling 
fluids (Comparative Examples 2-7) • In addition. Examples 8-11 
demonstrate that different styrene/butadiene copolymers are 
suitable for use in the drilling fluids of this invention. 
The effect of vairying sulfonated elastomer polymeric 
viscosif ier and polymeric fluid loss control agent 
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concentirations cm 
in Exaaples 12-18 



the properties of drilling fluids is shown 



10 



an exeii5>lary oil-base drilling fluid or mid (about 
5 lab barrels, each lab barrel containing about 350 al) vithin 
the scope of the present Invention was formulated as shown in 
the following Table IV. The in^^«its were sequentially 
added in the order set forth in Table IV. After the addition 
of each ingredient, the resulting con5>osition was mixed for 
the indicated mixing time prior to adding a subsequent 
ingredient to the conqposition. 
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rvwit pohent 

l^tor 26 brand oil 
Inventone 38H brand 




pr: 

Versacoat I brand 



Versawet I brand surfactant 
Iiiae (ca((»)2) 
Brine solution 





HT brand polymeric fluid 
30 loss control agent 

a?ek Mud 1949 brand sulfonated 
elastomer polymeric viscosif ier 

a. N/AdeaoiBdiwt^plicaiUe. 

b. Tb^ aume^ieated IiectontB was slo 



adnutoes 



205 ml (0.586 bbl) H/A* 



3 ppb 



4 ppb) 
) 



30»» 



5 ppb)— > 

3 ppb) 
10 ppb 
30 

51.5 ml (0.147 bbl) 



10 



10 



26.3 ppb 




10 ppb 


15 


269 ppb 


20 


6 ppb 


10 


1 ppb 


35 


idedtodteoQ. 
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one sample was used to check the initial rheological 
propeirties. Samples to be aged were tested in duplicate, 
i.e., two samples were aged for about 24 hovirs and another two 
samples were aged for about 72 hours. The age-tested samples 
were placed into aging bombs in the presence of about 100 psi 
nitrogen and rolled at about 400* F. After aging, the amount 
of top oil separation was measured and the consistency of the 
drilling fluid noted. The age-tested samples were then 
remixed and their rheological properties checked. Both the 
initial and age-tested rheological properties were measured 
at about 150* F. The results are set forth below in Table V, 
with the plastic viscosity (PV) , yield point (YP) , high 
temperature-high pressure (HTHP) fluid loss, and top oil 
separation being plotted in Figures 5-8, respectively. 



15 



TABLE V 



20 
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After Ho t Rolling At 4QO' P 





Initial 


24 Hours 


72 Hours 


Ibid Weight, ppg 


12.9 






E.S., volts* 


620 


283 


322 


Dial reading**. 








600 rpm 


110 


102 


95 


300 


70 


63 


56 


200 " 


56 


49 


42 


100 " 


38 


32 


28 


6 " 


21 


11 


7.5 


3 " 


20 


10 


6.5 



Gel Strength'^ 

10 sec/10 lain 20/33 10/18 6/13 

PV, cp** 40 40 

30 yp, Ibs/lOOsqft* 30 23 
HTHP fluid loss, ml^ 1.4 4 



Top oil separation, ml® i6 



39 
17 
4 



18 



a. E.S. denotes electrical stability and was measured 
according to the procedure described in Recommended 
Practice - Stand ard Procedure for Field Tegi:^nq 
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Fluids . Reconaended Practice 13B (RP 13B) , 
Twelfth Edition, S^tenber 1, 1988, American 
Pet3X>leiim Institute, Washington, DC (hereinafter 
referred to as "API"), page 28. 
5 b. Dial readings were obtained using a 115-volt motor 

driven viscometer described in API, pages 7-9, 
sections 2.4 to 2.5. 

c. Gel strength for 10 seconds and 10 minutes was 
determined in accordance with the procedure 

10 discussed in API, page 9, section 2.5, paragraphs 

f and g, respectively. 

d. PV was determined in accordance with the procedure 
and calculations discussed in API, page 9, sections 

2.5 to 2.6. 

15 e. YP was determined in accordance with the procedure 

and calculations discussed in API, page 9, sections 

2.5 to 2.6. 

f. HTHP was. determined in accordance with the 
procedure discussed in API, page 12, section 3.5. 
20 g. Top oil separation was determined by decanting and 

aeasuring the oil layer above the solids in the 
age-tested drilling fluid present in aging bomb. 

in comparative Examples 2-7, siac different high 
25 teii5>erature service canq?any drilling fluids (about 5 lab 
barrels each) were prepared using recipes and mixing 
procedures supplied by the service companies. One saaple of 
eacdi of the different drilling fluids was used to check the 
initial rheological properties. Eadh aged saaiple was t^ted 
30 in duplicate, i.e., two sa»5»le8 of each different drilling 
fluid were aged for about 24 hours and another two samples 
were aged for about 72 hours. The age-tested samples were 
placed into aging bonbs in the presence of about 100 psi 
nitrogen and rolled at about 400' F. After aging, the amount 
35 of top oil separation was measured and the consistency of the 
drilling fluid noted. The age-tested samples were then 
remixed and their ideological properties checked. Both the 
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initial and age-tested Theological properties were measured 
at about 150 • P. The results are set forth below in Tables 
VI to XI, with the PV, YP, HTHP fluid loss, and top oil 
separation data for Examples 2-4 being respectively plotted 
5 in Figures 1-4 and the PV, YP, HTHP fluid loss, and top oil 
separation data for Examples 5-7 being plotted in Figures 5-8 
respectively • 
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MTT.PARK lyvigPT EMTJIig-^^^ nPTTT.TTjg FTJTTD *1 



Mentor 26 bxrand oil 

Caad^o— Tec brand 

hi^ temperature emulsif ier 



entulsif ier and wetting agent 
10 Quick lixie 

Brine solution 



CaCl^ 



organqphilic clay 

Tek MUd 1949 brand sulfonated 



Carbo Trol HT brand polymeric 
fluid loss control agent 



5L N/A 



1 wt atgpGcablc. 



Quantity 
0.61 bbl 

7 ppb) 

) : 

8 ppb) 
5 ppb 

10 

0.153 bbl 
29.4 ppb 

3.5 ppb 

0.1 ppb 

9 ppb 
240 ppb 



Mixing Tiioe, 



TgMITLSION nPTT.T.TKC FIIJID tl 



4 ^ 



3 
10 



24 Hours 72 Hours 



25 Mud Weight, ppg 
E.S., volts" 
Dial reading**, 
600 rpm 
300 " 
30 200 " 

100 " 
6 * 
3 " 



12.0 
422 

45 
25 
17 
10 

3 

2 



457 

85 
49 

36 
23 
3 
2 



567 

98 
53 
38 
23 
3 
2 



Gel Strength* 
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TABLE VT f continued) 
10/2 2/5 
20 36 

YP, Ibs/lOOsqft* 5 , 13 

HTHP fluid loss, ml^ 4.4 25.5 



10 sec/10 min 



.PCr/US92/09160 



4/2 
44.5 
8.5 
110 



Top oil separation, inl^ 
a-g. See TaUe V, fooliioies. 



55 



10 



15 



20 



25 



TABLE VII 



MILPARK I NVERT EMULSION DRILLING FIlTTn f 



Component 

Mentor 26 brand oil 

Carbo-Tec brand 

high temperature emulsif ier 

Carbo-Mal brand 

emulsif ier and vetting agent 

Quick lime 

Brine solution 

Water 

Caci^ 

CarboH?el brand hectorite-*based 
organophilic clay 
Tek Mud 1949 brand sulfonated 
elastomer polymeric viscosif ier 
PE-0140 brand latex polymer 
Carbo Trol HT brand polymeric 
fluid loss control agent 



a. N/A denoted nol applicable. 



Quantity 
0.61 bbl 

7 ppb) 

) > 

8 ppb) 
5 ppb 

3 

0.153 bbl 
29.4 ppb 

2 ppb 

0.75 ppb 
2 ppb 

10 ppb 
240 ppb 



Mixing Time, 
N/A* 



10 



3 
3 

3 
10 



'11 
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.930e201A1„l.> 



wo 93/09201 



PCr/US92/09160 



16 



TABI.B VTT feontinned) 



10 



Had Weight, pp? 
E.S., volts" 
Dial reading'', 
600 xp 
300 " 
200 " 
100 " 
6 » 
3 " 



rr-QTQTI DRTT-T.TWft TTPTD <2 



&<4:er Hot P nll ing At 400* F 
2A Hours 72 Hours 



12.1 

375 

50 
28 
20 
13 

4 

3 



511 

132 
84 
68 
47 
21 
19 



465 

119 
70 
54 
35 
12 
11 



15 



20 



10 sec/10 nin 

YP, Ibs/lOOsqft* 
HP fluid loss, ffll* 



3/10 
22 
6 

2.6 



Tap oil separation, ml' 

a.-g. See Table V, fo otnotes. 

h. DriSi^ mnd was sevoely caked in the 



19/35 
48 

36 

12.0 

30 



10/23 
48.5 
21.5 
13.0 



68' 



iTi in H 



of die aging bomb. 



TABI^B VIII 



naiOK DRTT.T.TWfi 



25 CoaiDonent 

Mexrtor 26 brand oil 
VG-69 brand hectorite- 
organopliilic clay 
Versamul X brand 

30 primary emulsif ier 
Versacoat I brand 



Quanliitv 
0.586 bbl 

6 ppb 



4 ppb) 



) 



Mixing Time, 
30 
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TABLE VIII rcontiirtuecl) 



oil vetting agent 
Versawet I brand surfactant 
Line (Ca(OH)2) 
Brine solution 
Hater 



5 ppb) > 

3 ppb) 
10 ppb 
30 



10 



10 



Versatrol brand gilsonite 
HT brand polymeric fluid 
loss control agent 



51.5 al (0.147 bbl) 

26.3 ppb 

10 ppb 15 



6 ppb 
269 ppb 



30 
20 



a. N/A denoted not aiqpliccible. 



M-I INVE RT EMaigi;QN nPTT.T.TNG FTiTTn 



15 



20 



Mad Weight, ppg 
E.S., volts' 
Dial reading**, 

600 xpn 

300 

200 

100 * 

6 " 

3 * 



Initial 
12.8 

343 

67 
41 
32 
21 

7 

6 



After Hot Rolling At 400* P 
24 Hours 72 Honrs 



283 

59 
29 
19 
10 
1 
1 



296 

62 
30 
20 
10 
1 
1 



25 Gel Strength*^, 

10 sec/10 ain io/6 
PV, cp" 26 
yp, Ibs/lOOsqft* 15 

HTHP fluid loss, ml* 18 



1/1 
30 

-1 
3 



1/1 
32 

-2 

2 



30 Top oil separation, ml' 
a.-g. See TaUe V, footnotes. 



32 



40 
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Component. 

Mentor 26 brand oil 
InvensQl NT brand 
oil nad emalslf ier 
EZmal NT bremd 
oil laud emulsifier 
Daratone HT brand amine 
Irreated lignite fltiid 
loss control agent 



Bentone 38 birand hectorite- 
organophilic clay 
Brine solution 



101-63 brand polymeric 
20 fatty acid 



a. N/A denoted not aRptBcable. 



Quantity 
0.58 bbl 

4 ppb 
10 ppb 



13 ppb 
B ppb 

8 ppb 
10 

0.13 bbl 
37*4 ppb 

1 ppb 
269 ppb 



Mixing Time, 



K/A" 



2 
5 



2 
35 
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TABLE IX r continued^ 



BARIOD INVERT EMULSION DRILLING FLUID #1 



10 



Mud Weight, ppg 

volts* 
Dial reading'*, 
600 rpn 

300 • 

200 " 

100 " 

6 " 

3 " 



Initial 

13.8 
2000 

160 
136 
118 

95 

57 

54 



After Hot Rolling At 400* F 
24 Hours • 72_Hours 



327 

105 
62 
47 
29 
5 
4 



258 

126 
76 
57 
34 
4 
3 



15 10 sec/10 min 
PV, cgfi 

YP, Ibs/lOOsqft' 
HTHP fluid loss, lol' 



75/54 
24 

112 
2.4 



4/24 
43 

19 
3.4 



17/3 
50 

25.5 
8 



Top oil separation, al' 

20 sL-g. See TaUe V, fooaiotes. 



16 
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TABXE X 



neni: 



Mientor 26 braiwi oil 
Xnvenmil NT brand 
oil mid esEolsif ier 
EZmul NT brsmd 
oil stad esmlsif ier 
Daratone HI brand aiiiine 
treated lignite fluid 
loss control agent 



Quantity 
0»58 bbl 

4 ppb 

10 ppb 



Geltone IV brand 
15 organophilic clay-poly»er 
Brine solution 



BH--63 brand polymeric 
20 fatty acid 



13 ppb 
8 ppb 

blend 8 ppb 

0.13 bbl 
37.4 ppb 

1 ppb 
263 ppb 



a» N/A denoted not appGcaUc 



Mixing Tiiae, 
Tninirhes 



2 

5 

2 
10 



2 
35 



'It 
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TABLE X rcontinuedV 



BARIOD INVERT EMULSION DRTT.T.TNr; fluid *2 



10 



Hud Weight, ppg 
E.S. , volts" 
Dial reading**, 

600 rpm 

300 

200 •» 
100 " 
6 •» 

3 



Initial 
13.0 
726 

80 
50 
40 
39 
14 
13 



After Hot Rolling At 400* P 
24 Hours 72 Hours 



208 

54 
27 
19 
11 
1 
1 



276 

54 
27 
18 
10 
2 
1 



15 10 sec/10 nin 13/30 

V7, cp«* 30 
YP, Ibs/lOOsgft' 20 

HTHP fluid loss, ml* 2.6 



1/2 
27 
0 

4.6 



1/4 
26.5 
1 

8.6 



20 



Top oil separation, b1> 

a.'g. See TaUe V, footnotes. 
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TABI.E XI 



10 



15 



20 



TTO? mvEST TaroiiSlo*^ npTTTfrwc tojid 



5 Mentor 26 brand oil 
Xnterdrill Bmul brand 
oil nud emalsifier 
Interdrill Fl brand 
fluid loss reducer and 



• ^ * 



mterdrill OW brand 
oil wetting agent 
Interdrill BSX brand 
higti i:6BQ>erature emulsion/- 
contamination stabilizer 



Vistone HI brand 
organophilic clay 
Brine solution 



Trudrill S brand asphaltene 
fluid loss control agent 



25 



N/A deaoted not afif&able. 



0.55 bbl 



3 ppb 



7 ppb 



1 ppb 



5 ppb 
12 ppb 

8 ppb 

0.147 bbl 
21.7 ppb 

9 ppb 
266 ppb 



Mixing Tisae, 
mimites 
N/A* 

5 



2 
5 

2 
10 



2 
20 



* 



♦ u 



' i 'i 
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TABLE XI r continued) 



IDF INVERT EMDLSTOW DRTT.T.TNG FUJID 



After Hot Rolling At 400' F 



10 



Mud Weight, ppg 
E.S., volts" 
Dial reading**, 
600 rpn 
300 " 
200 " 
100 " 
6 " 
3 



Initial 

13.0 
133 

108 
72 
61 
45 
23 
21 



24 Hours 
557 

63 
32 
22 
12 

1 

1 



72 Hotirs 
870 

72 
38 
28 
17 

3 

2 



Gel Strength', 
15 10 sec/10 min 
PV, cp«* 

yp, lbs/100sgft« 



42/21 
36 
36 



KFHP fluid loss, nl* 1.0 



1/2 
31 
1 

3.0 



18/2 
33.5 
4.5 
3.1 



20 



Top oil separation, nl" 

a.-g. See Tabte V, footnotes. 



25 



A comparison of the results depicted in Figures i-a 
graphically indicates that the only drilling mud possessing 
satisfactory initial and aged plastic viscosity, yield point, 
HTHP fluid loss loss, and top oil separation characteristics 
is the exemplary drilling fluid within the scope of the 
present invention. 
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30 



tfi gTJTTDS rOliTAINIHG 
'^^mmiaiT cnnypTBre/BOTftnTKWIS POLYMERS. 



using the different styrene/butadiene polyaers set 
forth above in Table I, exe^lary oil-base drilling fluids 
(about 5 lab barrels each) within the scope of the pr^^ 
Lention were forBulated as shown in the following Table XII: 

TABIg XII 



XO gamponent 



Mentor 26 bjcand oil 
Inventone 38H barand 



205 ml (0.586 bbl) N/A* 



30' 



Veirsasnil I brand 



15 prinaxy 



oil 



Versacoat I brand 
vetting agent 
I brand 

(Ca(0H)2) 
solution 



20 Bruie 



versatrol brand gilsonite 



Styrene/Butadiene polymer 
Tele Mud 1949 brand 
eXastomer polymeric 



3 ppb 

4 pi^ 

5 ppb 10 

3 ppb 

10 ppb 10 

30 

51.5 ml (0.147 bbl) 
26.3 ppb 

10 _ppb 15 
269 ppb 20 

6 ppb 10 



viscosif ier 1 PI^ 



35 



a. H/A denoted not 
Jo, The amine- 
pil. 

One sample of 
the initial theological 
about 72 hours were tested 
was used for those to be 



treated hectorite was slowly added to the 



35 age-tested samples were 



drilling fluid was used to check 

Saaples to be aged for 

. in duplicate, while only one saaiple 
age-tested for about 24 hours. The 
placed into 8 aging bombs in the 



•■t\ 
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presence of about 100 psi nitrogen and rolled at about 400* 
F. After aging, the amount of top oil separation was measured 
and the consistency of the drilling fluid noted. The age- 
tested samples were then remixed and their rheological 
properties checked . Both the initial and age-tested 
rheological properties were measured at about 150* F. The 
results are set forth below in Table XIII. 

TABLE XIII 



10 



15 



20 



25 



A. 76RES417fi 



Initial 



After Ho t Rolling At AQO* V 
24 Hours 72 Hours 



E.S., volts" 


794 


338 


300 


Dial reading^. 








600 rpm 


110 


132 


126 


300 " 


70 


82 


72 


200 


56 


66 


54 


100 " 


39 


44 


34 


6 " 


22 


14 


8 


3 " 


21 


13 


6 


eel Strength', 








10 sec/10 min 


21/32 


12/22 


6/12 


PV, cp** 


40 


50 


54 


YP, Ibs/lOOsgft* 


30 


32 


18 


HTHP fluid loss, ml' 


6 


- 18 


11 


Top oil separation, ml" 




25 


24 
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7fiRgS4105 
5 B.S., volts" 

Dial readiiigi''r 
600 rpm 
300 " 
200 " 
10 100 " 

6 » 
3 " 

Gel Strengtbfr 
10 sec/io Mxn 

15 EV, CP** 

YP, Ibs/lOOsqft* 

HIHP tlaiA loss, ml* 



^ ft»o^> HQfc P ttHI"^ At 400' F 

initial 7-4 Hours 72 Hour^ 

414 341 



654 

105 
69 
56 
39 
25 
24 



94 109 

59 67 

47 53 

33 35 

14 13 

13 11 



24/28 13/25 11/19 

36 35 43 

33 24 24 

3.2 20 12 



Top oil sepajcation, »1' 



28 



27 
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TABLE XIII fcontiinn«.r^) 



C. 76RES4106 



10 



E.S., volts" 

OliO. reading^, 

600 rpn 

300 •» 

200 " 

100 » 

6 " 

3 " 



Initial 
736 

96 
62 
50 
34 
21 
20 



After Ho t RonincT At 400' F 
24 Hours 72 Hours 



367 

106 
63 
50 
33 
11 
10 



307 

85 
49 
37 
24 
7 
6 



Gel Strength', 

10 sec/io ain 20/20 
15 pv, cp^ 34 

YP, Ibs/lOOsgft* • 28 
HTHP fluid loss, ml' 3 

Top oil separation, bI^ 



10/20 

43 
20 
44 

23 



6/17 
36 
13 
36 

25 



r 
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TRBTiE XITT feontlnned: 



10 



15 



20 



25 



p , 7fiBES4470 



B.S., volts" 

Dial reading**, 
600 rpm 
300 " 
200 " 
100 ■ 

6 " 

3 » 



Initial 
917 



affeer Hot T^f^lling At 400' F 
24 Honrs 72 Hours 



318 



277 



10 sec/10 lain 
PV, cp"* 

YP, Ibs/lOOsqft* 
BXBP fluid loss, nl^ 

Top oil separation r nl' 



99 


102 


106 


62 


58 


58 


49 


42 


43 


33 


27 


25 


20 


6 


5 


19 


5 


4 


19/28 


5/10 


4/10 


37 


44 


48 


25 


14 


10 


4 


10 


20 



13 



21 



eadi of the 
in Te^le I yields 



fonulated in 



listed in above Table XIII indicate 
different serene/butadiene polymeirB 
a drilling fluid having overeai 
for use at elevated teii«>eratures 
accordance with the present invention. 

TgYAMPT.T;S 12-18 



that 



when 



nv VABYTWG gm.yOWATSp CTASTOMBR POLYME 
VTSCOSIF T TgR AND ]P nT. yMHRIC yTHTD LO SS CONTROL AG! 



30 lab barrels 



control 
XIV: 



seven exen5)lary oil-base drilling fluids (about 5 
5 each) were fonmilated using varying sulfonated 
X polymeric viscosifier and polymeric fluid loss 
agent concentrations as shown in the following Table 



' 1 1 
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TABLE XIV 



10 



15 



20 



25 



30 



Component: 

Mentor 26 brand oil 
Inventone 38H brand 



Quantity 



Mixing Time, 

minutes 



205 ml (0.586 bbl) N/A* 



30** 



Versamiil I brand 
primary emulsifier 
Versacoat I brand 
oil vetting agent 
Versavet I brand surfactant 
Lime (CaCOH)^) 
Brine solution 



CaCl2 

Versatrol brand gilsonite 



3 ppb 

4 ppb 

5 ppb 10 
3 ppb 

10 ppb 10 

30 

51.5 ml (0.147 bbl) 
26 .3 ppb 



BT brand polymeric fluid 

loss control agent 

Tek Mad 1949 brand sulfonated 

elastomer polymeric viscosif ier 



10 ppb 
269 ppb 

varied 
varied 



15 
20 

10 

35 





^^^^^^^^^ 







The amine-treated bcaorite was slowly added to the oil 



One sample was used to check the initial rheological 
properties and either single or duplicate saii«>les were used 
to check the rheological properties after being aged for about 
72 hours » Each age-tested sample was placed into an aging 
bomb in the presence of about 100 psi nitrogen and rolled at 
about 400' F. After aging, the amount of top oil separation 
was measured and the consistency of the drilling fluid noted. 
The age-tested samples were then remixed and their rheological 
properties checked. Both the initial and age-tested 
rheological properties were measured at about 150* F. The 
results are noted below in Table XV. 



030920tA1 I > 



wo 93/09201 



E>Cr/US92/09160 



10 



15 



20 



30 

TABT^ XV 



HT Polymer, 
ppb 

Tek Mad, 
ppb 



;rnitial Aged Initial liSSd fiii^ial Ikgsd 

B.S., volts- 850 310 814 263 620 322 

Dial reading''. 



600 rpm 


94 


77 


106 


105 


110 


95 


300 " 


60 


42 


66 


59 


70 


9D 


200 




30 


52 


43 


56 


42 


100 " 




19 


36 


27 


38 


28 


6 " 


19 


4 


22 


7 


21 


7.5 


3 " 


18 


3 


21 


6 


20 


6.5 


GiSil S1:rength*^r 
10 sec/lO mln 


18/26 


3/7 


21/30 


6/5 


20/33 


6/13 




34 


35 


40 


46 


40 


39 


Ibs/ioosgft* 


26 


7 


26 


13 


30 


17 


HTHP fluid 














loss, ml^ 


5 . 


90 


4 


41 


1.4 


4 


Top oil 












18 


sepa3cation, ml^ 




27 




29 





1 ^ 
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TABLE XV rcontinued^ 
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10 



HT Polymer, 
ppb 

Tek Mud, 



12 







Initial 


Aaed 


Initial 


Aoed 




volts* 


834 


350 


710 


372 


Dial reading^, 










600 


rpm 


134 


114 


162 


114 


300 


n 


88 


69 


105 


69 


200 


N 


71 


54 


84 


56 


100 


N 


51 


36 


66 


37 


6 


N 


31 


13 


48 


15 


3 


N 


30 


11 


45 


13 



15 Gel Strength^, 
10 sec/10 min 

py, cp** 

Ibs/lOOsqft* 
20 HTHP fluid 
loss, ad^ 



30/45 11/22 45/84 13/25 
46 45 57 45 



42 



24 



1.6 21 



48 



24 



Top oil 

separation, ml' 
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TABLE XV ffiftptinued! 



10 



HT Polymer, 
ppb 

Tek Mad, 
ppb 



B.S., volts" 677 
Dial reading^. 



600 


Tpn 


60 


300 


fi 


39 


200 


n 


30 


100 


M 


24 


6 


M 


12 


3 


M 


9 



15 Gel 

10 sec/lO ain 9/18 

Ibs/lOOStjft* 18 

20 BIHP fluid 

loss, ml* 2.4 

Top oil 

sepeuration, ml' 





0.5 




1.5 






i;nitial 


Aaed 


Tnitial 


Aaed 


232 


882 


299 


734 


373 


61 


87 


81 


150 


148 


30 


55 


44 


92 




20 


47 


32 


72 


72 


11 


32 


18 


51 


49 


11 


18 


3 


29 


20 


1 


17 


2 


27 


17 


1/1 


17/18 


2/5 


27/37 


17/28 


31 


32 


37 


58 


56 


-1 


23 


8 


34 


37 


6 


1.6 


4 


1.4 


73 


h/a'' 




34 




19 
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TABLE XV rcQn1;inn«»f^) 

HT Polymer, 

PPb 6 6 

Tek Mud, . 

5 ppb 2 3 



Initial Aged Initial Aged 
E.S., VOlts^ 923 433 718 692 

Dial reading^. 



600 


xpn 


279 


275 


750 


900+ 


300 


N 


183 


164 


618 


600 


200 


N 


147 


129 


540 


459 


100 


N 


105 


89 


441 


258 


6 


N 


60 


42 


201 


60 


3 


M 


54 


38 


168 


60 



15 Gel 

10 sec/10 mln 54/84 38/50 165/225 48/96 

PV, cp** 96 111 132 TV'' 
YPr 

Ibs/lOOsqft® 87 51 486 TV* 
20 HTHP fluid 

loss, jol* 1.6 6,7 2*4 10 

Top oil 

separation, ml' 17 o 

a.-g. See Table V, fiDotnotes. 
25 k N/A lienotes not avaflabk. 

L TV denotes too mcoas to obtain. 



The data in above Table XV indicate that, for the 
concentrations ranges tested, best results were obtained when 
the drilling fluid of the present invention contained a 

30 polymeric fluid loss control agent concentration of about 6 
ppb and a sulfonated elaistomer polymeric viscosifier 
concentration of about 0.5 to about 1 ppb. Field observations 
indicate that lover concentrations of the polymeric fluid loss 
control agent and sulfonated elastomer polymeric viscosifier 

35 can be employed to give very acceptable results. This 
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Observation is believed to be due to the presence in the 
drilling fluid of fine particle size materials that originate 
in the subterranean formation but do not separate from 
drilling fluid ^en the drUling fluid is processed to remove 

5 drill cuttings. ^ 

iathough the present invention has been described 

in detaU with reference to some preferred versions, otter 

versions are possible. Therefore, the spirit and scope of tte 



dl^^on of the preferred versions contained herein. 



'. 1 1 



BNSDOCID: -cWO ^9aoe201A1J_> 



wo 93/09201 



35 



PCT/US92/09160 



CLAIMS 

1. An oil-base drilling fluid comprising oil, a 
surfactant, a fluid loss control agent, and a viscosifier, 
characterized in that the fluid loss control agent is selected 

5 from the group consisting of polystyrene, polybutadiene, 
polyethylene, polypropylene, polybutylene, polyisoprene, 
natxiral rubber, butyl rubber, polymers consisting of at least 
two iBonomers selected from the group consisting of styrene, 
butadiene, isoprene, and vinyl carboxylic acid, and mixtures 
10 thereof and the viscosif ier is a sulfonated elastomer polymer. 

2. The oil-base drilling fluid of claim 1 wherein 
the sulfozmted elastomer polymer is a neutralized sulfonated 
elastomer polymer having about 5 to about 100 milliequivalents 
of sulfonate groups per 100 grams of sulfonated polymer* 

15 3. The oil-base drilling fluid of claim 1 wherein 

the sulfonated elastomer polymer is derived from an elastomer 
polymer selected from the group consisting of ethylene- 
propylene-diene monoioer (EPDH) terpolymers, copolymers of 
isoprene and styrene sulfonate salt, copolymers of chloroprene 

20 and styrene sulfonate salt, copolymers of isoprene and 
butadiene, copolymers of styrene and styrene sulfonate salt, 
copolymers of butadiene and styrene sulfonate salt, copolymers 
of butadiene and styrene, terpolymers of isoprene, styrene, 
and styrene sulfonate salt, terpolymers of butadiene, styrene, 
25 and styrene sulfonate salt, butyl rubber, partially 
hydrogenated polyisoprenes, partially hydrogenated 
polybutylene, partially hydrogenated natural rubber, partially 
hydrogenated bxma rubber, partially hydrogenated 
polybutadienes , and Neoprene* 

30 4. The oil-base drilling fluid of claim 1 wherein 

the fluid loss control agent is a styrene-butadiene copolymer. 

5. The oil-base drilling fluid of claim 1 
comprising about 3 to about 12 pounds per barrel (ppb) of the 
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fluid loss control agent and about 0.02 to about 2 ppb of the 
sulfonated elastomer polyner. 

6 The oil-base drilling fluid of claim 1 
ina Ibout 5 to about 10 pounds per barrel (ppb) of the 

■ . and about 0.5 to about 1.5 ppb of the 

fluid loss control agent ana a»ouu « 
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7 oaie oU-base drilling fluid of claim 6 
co^rising Ibout 6 to about 9 ppb of the fluid loss control 



8 The oU-base drilling fluid of claim 1 wherein 
the weight ratio of (a) the fluid loss 

the sulfonated elastomer polymer is about 1.5:1 to about 50:1. 

9 The oU-base drilling fluid of claia 1 wherein 

the wei^t «tio of (a) the fluid loss control ^^^^J^^ 
15 the sulfonated elastomer polymer is about 3:1 to about 20.1. 

10 The oil-base drilling fluid of claim 1 wherein 
the wei^t ratio of (a), the fluid loss control ^^^^^ 

the sulfonated elastomer polymer is about 5:1 to about 10:1. 

11. The oU-base drilling fluid of claim 1 further 
20 cooprising water. 

12. The oil-base drilling fluid of claim 1 further 



13. The oil-base drilling fluid of claim 1 further 
comqprising a 



CI 



14. The oil-base drUling fluid of claim I further 
.rising a shale inhibiting salt. 



15. An oil-base drUling fluid weighing about 7.5 
to about 20 pounds per gallon and coa5)rising: 



I ^ 
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(a) about 25 to about 85 volume percent oil 
based on the total volune of the fluid; 

(b) about 1 to about 20 povmds per barrel (ppb) 

surfactant ; 

5 (c) up to about 45 volume percent water based 

on the total volume of the fluid; 

(d) up to about 600 ppb weighting agent; 

(e) about 0.5 to about 30 ppb organophilic 

clay; 

10 (f) up to about 30 ppb auxiliary fluid loss 

control agent; 

(g) about 3 to about 12 ppb polymeric fluid 
loss control agent selected from the group consisting of 
polystyrene, polybutadiene, polyethylene, polypropylene, 

15 polybutylene, polyisoprene, natural rubber, butyl rubber, 
polymers consisting of at least two monomers selected from the 
group consisting of styrene, butadiene, isoprene, and vinyl 
carboscylic acid, and mixtiires thereof; 

(h) about 0*02 to about 2 weight percent 
20 sulfonated elastomer polymeric viscosifier; 

(i) up to about 60 ppb shale inhibiting salt; 

and 

(j) up to about 30 ppb lime. 

16. The oil-base drilling fluid of claim 15 
25 weighing about 9 to about 16 pounds per gallon and comprising: 

(a) about 50 to about^ 60 volume percent oil 
based on the total volume of the fluid; 

(b) about 1 to about 10 ppb surfactant; 

(c) about 10 to about 20 volume percent water 
30 based on the total volume of the fluid; 

(d) about 150 to about 400 ppb weighting agent; 

(e) about 1 to about 10 ppb organophilic clay; 

(f) about 2 to about 15 ppb auxiliary fluid 

control agent; 

35 (g) about 5 to about 10 ppb polymeric fluid 

control agent; 

(h) about 0.5 to about 1.5 weight percent 
sulfonated elastomer polymeric viscosifier; 
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(i) about 20 to about 30 ppb shale inhibiting 

salt; and 

(j) about 1 to about 10 ppb line. 

17. The oil-base drilling fluid of claim 15 \rtxerein 
5 the auxiliary fluid control loss agent is selected form the 

group consisting of asdne-treated lignite, gilsonite, 
asphaltics, and mixtures thereof. 

18. A drilling system coaprising: 

(a) at least one subterramean foinnation; 

(b) a borehole penetrating a portion of at 
least one of the subterranean formations; 

(c) a drill bit suspended in the borehole; and 

(d) a drilling fluid located in the borehole 

and proximate the drill bit, 
15 lAerein the drilling fluid is the oil-base drilling fluid of 

dajw 1- 

19. A drilling syst«» ecaprising: 

(a) at lesist one subterranean formation; 

(b) a borehole penetrating a portion of at 
20 least one of the subterranean formations; 

(c) a drill bit suspended in the borehole; and 

(d) a drilling fluid located in the borehole 
and proximate the drill bit, 

irtxerein the drilling fluid is the oil-base drilling fluid of 
25 claim 15. 

20. A method for drilling a borehole in a 
subterranean formation, the method coii«>rising the steps-of : 

(a) rotating a drill bit at the bottom of the 

borehole and 

3Q (b) introducing a drilling fluid into the 

borehole (i) to pick up drUl cuttings and (ii) to carry at 
least a portion of the drilling cuttings out of the borehole, 
wherein the drilling fluid is the oU-base drilling fluid of 
didm 1. 
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21. A method for drilling a borehole in a 
subterranean fonoation, the method comprising the steps of: 

(a) rotating a drill bit at the bottom of the 

borehole and 

5 (b) introducing a drilling fluid into the 

borehole (i) to pick up drill cuttings and (ii) to carry at 
least a portion of the drilling cuttings out of the borehole/ 
wherein the drilling fluid is the oil-base drilling fluid of 
claim 15. 
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